vaccines

Article

Reactivation of Varicella Zoster Virus after Vaccination
for SARS-CoV-2

Mina Psichogiou "*{2, Michael Samarkos !, Nikolaos Mikos ? and Angelos Hatzakis 3

check for

updates
Citation: Psichogiou, M.; Samarkos,
M.; Mikos, N.; Hatzakis, A.
Reactivation of Varicella Zoster Virus
after Vaccination for SARS-CoV-2.
Vaccines 2021, 9, 572. https://
doi.org/10.3390/vaccines9060572

Academic Editor: Ralph A. Tripp

Received: 29 April 2021
Accepted: 27 May 2021
Published: 1 June 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

First Department of Medicine, Medical School, National and Kapodistrian University of Athens,

11527 Athens, Greece; msamarkos@med.uoa.gr

Allergology Department, Laiko General Hospital, 11527 Athens, Greece;
allergiologikotmemalaiko@gmail.com

Department of Hygiene, Epidemiology and Medical Statistics, Medical School, National and Kapodistrian
University of Athens, 11527 Athens, Greece; ahatzak@med.uoa.gr

*  Correspondence: mpsichog@med.uoa.gr; Tel.: +30-6932475847 or +30-2132061049

Abstract: Seven immunocompetent patients aged > 50 years old presented with herpes zoster (HZ)
infection in a median of 9 days (range 7-20) after vaccination against SARS-CoV-2. The occurrence of
HZ within the time window 1-21 days after vaccination defined for increased risk and the reported T
cell-mediated immunity involvement suggest that COVID-19 vaccination is a probable cause of HZ.
These cases support the importance of continuing assessment of vaccine safety during the ongoing
massive vaccination for the COVID-19 pandemic and encourage reporting and communication of
any vaccination-associated adverse event.
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1. Introduction

As the pandemic of SARS-CoV-2 enters its second year and new variants of the virus
emerge, vaccines are needed to protect individuals at high risk for complications and to
potentially control disease outbreaks through the establishment of herd immunity [1,2].
The European Medicines Agency has already approved the emergency use of four vaccines;
two of them contain a nucleoside-modified messenger RNA that encodes the viral spike
(S) glycoprotein of SARS-CoV-2 and two are viral vector COVID-19 vaccines encoding the
SARS-CoV-2 S glycoprotein [3]. mRNA vaccines, first-in-class tools in the biotechnological
sector, have an overall effectiveness against symptomatic disease of approximately 95% for
wild-type variants, while viral vector vaccines have an effectiveness close to 70% [2,3].

Surveillance of rare safety issues related to the vaccines is progressing as more data
accumulate during post-marketing surveillance [4,5]. Adverse events following immu-
nization (AEFI) may be a chance phenomenon or may be causally related to the vaccine.
To answer this question, a temporal relationship with vaccination and AEFI is necessary
and a biological mechanism explaining the association should be proposed. In addition,
population-based studies should demonstrate increased occurrence of AEFI in vaccinated
compared to non-vaccinated individuals. Post-marketing surveillance is destined to detect
rare or unexpected patterns of AEFI unlikely to be recognized in pre-licensure clinical
trials. Reporting of AEFI events in large databases like Vaccine Adverse Event Reporting
System (VAERS) is limited by underreporting, variable data quality, the absence of defined
diagnostic criteria, absent denominator information, and reporter bias [6].

In Greece, the vaccination program started in January 2021. Health care workers
(HCW) accounted for a significant proportion of COVID-19 infections worldwide [7], and
along with the elderly were prioritized for vaccination.

Varicella zoster virus (VZV) is a human neurotropic virus that causes varicella. This is
followed by the establishment of latency in sensory ganglia, notably, the dorsal root ganglia,
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trigeminal ganglia, and enteric ganglia. The latent phase usually lasts for several decades
before reactivation occurs. VZV reactivation normally presents as herpes zoster (HZ), which
is characterized by a painful, unilateral vesicular eruption in the dermatome innervated by
the ganglion where reactivation occurred and probably appears when the immune system
fails to contain the latent VZV replication. Effective treatment is available [8-11].

VZV reactivation in COVID-19 cases has been already reported. COVID-19-associated
lymphopenia, especially CD3+CD8+ lymphocyte and functional impairment of CD4+ T
cells, can render a patient more susceptible to developing HZ by reactivating VZV. It is
also reported that HZ could be a sign of undiagnosed COVID-19 infection in younger age
groups [12-15].

Here, we report on a series of patients with VZV reactivation after vaccination
against SARS-CoV-2.

2. Materials and Methods

Seven patients (3 of 7 were women) with a mean age of 77 years (range, 51 to 94) had
been initially diagnosed with HZ in primary care and they were referred to the Infectious
Diseases Clinic of First Department of Internal Medicine, Laiko General Hospital, for
further evaluation. All of them had been vaccinated with the Pfizer-BNT162b2 vaccine
against SARS-CoV-2 and they developed HZ close to vaccination. Each case was reviewed
for demographic information (patient age, sex), vaccine-related symptoms, HZ-related
symptoms, and management; as well, a brief medical history (comorbidities/drugs) was
obtained for everyone. Participants were followed up prospectively and a serum serology
test 7-14 days after vaccination was taken and tested for anti-SARS CoV-2 receptor binding
domain (RBD) spike protein.

3. Results

Patients’ characteristics are shown in Table 1. All patients were >50 years old, without
risk factors or comorbidity that would contribute to the development of HZ, such as im-
munosuppressive drug use, radiation therapy, trauma, or psychological stress. No patient
had been vaccinated against varicella or reported a previous episode of HZ, although all of
them reported varicella infection during infancy. They all received the Pfizer-BNT162b2
vaccine against SARS-CoV-2 between 16th January and 15th February of 2021. Mild local
symptoms or mild fatigue occurred in 4 out of 7 patients. They developed HZ in a median
of 9 days (range 7-20 days) after the administration of the most recent dose (first or second).
In five patients, HZ occurred between 7 and 20 days after the first dose and in 2 patients
between 7 and 9 days after the second dose. Prodromal pain was reported in 5 patients. In
all patients a single dermatome was affected; however, two patients developed HZ on the
second branch of the trigeminal nerve. Reverse transcriptase-polymerase chain reaction for
SARS-CoV-2 from nasopharyngeal swabs was negative in all patients. In 3/7 patients the
episode was classified as severe, i.e., it led to zoster-related hospitalization, the pain was
severe as estimated by a McGill pain questionnaire [16], or a neuropathic pain medication
was necessary for HZ-associated pain. In 6 cases, treatment with oral valacyclovir led to
resolution of the lesions after 10 days. The patient with herpes ophthalmicus received
intravenous acyclovir and required hospitalization. Three patients had subacute herpetic
neuralgia which required medication for neuropathic pain. Guidance regarding the second
dose of vaccine when the eruption occurred between the two vaccine doses has varied. The
physicians who treated the 7th patient with a severe HZ clinical presentation advised the
patient not to receive the 2nd dose of the vaccine.
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Table 1. Demographics, SARS-CoV-2 vaccination timing and side effects, varicella zoster characteristics and management of reported patients.

Variable Patient 1—HCW Patient 2—HCW Patient 3—HCW Patient 4 Patient 5 Patient 6 Patient 7
Age (yrs.) 51 56 69 86 20 91 94
Sex (F/M) F F F M M M M
Adverse events (AE) -1st dose [9 February “1st dose [1 February -1st dose [29 Jnauary ~ -1st dose [23 January  -1st dose [22 January  -1st dose [16 January -1st dose [15
from vaccine (pai 2021], no AE 2021] 2021], no AE 2021], no AE 2021], no AE b id
pain, 2021] . . February 2021], mi
-2nd dose [2 March . : . mild pain for 1 day -2nd dose [13 -2nd dose [12 -2nd dose [26 . .
oedema, fever, 2021] mild pai Mild pain, mild Feb 2021 Feb 2021 Feb 2021 pain, mild oedema
fatigue, other) mild pain fatigue for 1 day -2nd dose [8 March ebruary ], no ebruary ], no ebruary ], no for 2 days
’ oedema for 2 days 2021], no AE AE AE AE
. Prostate cancer, Hypertension, COPD, .. .
Osteoporosis surgtle\;[}lft/r:ilzizi\r/ﬁythmic Hypertension/long- hyper- D}fhpéiiﬁl_la/ HFNYHA 3%,
Comorbidities/Drugs No/No Dvslipi dp . /II\I drue. acetvlsalicvlic acting GnRH agonist, uricemia/ antihypertensiye / };Ph tensi pacemaker,
yslipiaemia/INo & Y Y antihypertensive drugs, inhalers, sion/antnypertensive,  cxp drugs for HF
acid . antilipemic drugs
drugs hypozuric drugs
Varicella Zoster
Days of VZonset g 3. ¢ after 1stdose 14 days after Istdose 8 days after Istdose 7 days after 2nd dose 9 days after 2nd dose 7 days after Istdose 20 days after Ist d
after vaccination ays after 1st dose ays after 1st dose ays after 1st dose ays after 2nd dose ays after 2nd dose ays after 1st dose ays after 1st dose
Prodromal pain days
prior to exanthema Yes, 2 days Yes, 5 days Yes, 7 days No No Yes, 7 days Yes, 1 day
(Yes/No)
Fifth cranial nerve,
Dermatome Lumbar Thoracic Fifth cranial nerve Thoracic Thoracic Herpes zoster Thoracic
opthalmicus
Other symptoms
(headache, fever, Malaise, ischial pain Malaise Malaise, headache No No Fatigue Fatigue
malaise, fatigue)
Symptom’s severity Moderate Mild Severe Mild Mild Severe Severe
Yes, valacyclovir, Yes, valacyclovir, Yes, valacyclovir, . . Yes, acyclovir IV and .
"l"[lgsér/nﬁgt(goar I:)]Z’ 2 days after symptom 5 days after symptom 7 days after symptom Yes,s Zizzcc){aclowr Yes,szfrlzcc}ll;lovm then valacyclovir, Yes,s\;;arllzcc}ll;lovm
4 onset onset onset y y same day y
Hospitalization,
[Yes/No (days)] No No No No No Yes, 14 days No
Postherpetic No No Yes, neuropathic No No Yes, neuropathic Yes, neuropathic
neuralgia (Yes/No) drugs drugs drugs
Pain scale (1-10) 6 3 4 4 3 4 5
Previous vaccination
for VZV (Yes/No) No No No No No No No
History of previous
HZ (Yes/No) No No No No No No No
Antibodies IgG to
SARS-CoV-2 Yes Yes Yes Yes ND ND ND
(Yes/Not Done))

* (NYHA) New York Heart Association functional class.
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4. Discussion

We present a series of 7 cases of HZ in immunocompetent individuals that occurred
in a mean (range) of 9 days (7-20 days) after COVID-19 vaccination. The major risk
factor for reactivation of VZV is increasing age, partly because of age-related decline in
specific cell-mediated immune responses to VZV, while other risk factors include disease-
related immunocompromise such as HIV infection, iatrogenic immunocompromission,
physical trauma, or comorbid conditions such as malignancy or chronic kidney or liver
disease [17-19]. The most common complication of HZ is postherpetic neuralgia, while
other complications include ocular ones (HZ opthalmicus, acute retinal necrosis), neurolog-
ical ones (Ramsay Hunt syndrome, Bell’s palsy, aseptic meningitis, encephalitis, peripheral
motor neuropathy, myelitis, Guillain-Barre syndrome, stroke syndromes), and bacterial in-
fection of the skin [17]. Approximately 8-10% of patients with HZ experience complications
in addition to pain, while the incidence of recurrence is 10.96 per 1000 person-years with an
average of 5.6 years of follow-up [9]. One to six percent of patients will experience a second
episode of HZ. Cell-mediated immunity is critical for the maintenance of latency and to
limit the potential for reactivation, while recurrences are more common among patients
with immunosuppression [18]. The severity of disease, and the risk of complications related
to the reactivation, also increases with age [17]. Three of the reported patients had severe
HZ requiring neuropathic medication for subacute herpetic neuralgia and one required
hospitalization for ocular herpetic disease.

The safety profile of BNT162b2 mRNA vaccine was characterized by short-term,
mild-to-moderate pain at the injection site, fatigue, and headache, while the incidence of
serious adverse events was low and similar in vaccine (0.6%) and placebo (0.5%) groups [1].
Overall, more vaccine than placebo recipients reported any adverse event (27% and 12%,
respectively) or a related adverse event (21% and 5%) reflecting the reactogenicity events
which were reported as adverse events more commonly by vaccine recipients. HZ was
not reported as an adverse event among the vaccine recipients in this trial for a median
period of 2 months after the second dose. Adverse events, other than local and systemic
reactogenicities, were categorized as related, severe, or life threatening without specific
mention of HZ [1]. Moreover, the study includes 2 months of follow-up in half of the
participants [1].

The incidence rate of HZ increases with age from 3.1 per 1000 person-years for persons
45-54 years old, to 5.7 for persons 55-64 years old, to 11.8 per 1000 person-years for persons
older than 65 years. The incidence rate of HZ among the unvaccinated-for-VZV and immuno-
competent population > 50 years old is 9.92 (95%CI, 9.82-10.01) per 1000 person-years or 0.83
(95% CI 0.82, 0.84) per 1000 person months, according to the Kaiser Permanente Southern
California study [9]. Vaccine trials do not include the person-time to estimate the incidence of
rare events [1,20,21].

Concerning the mRNA -1273 SARS-CoV-2 vaccine, safety assessments included ad-
verse events for 28 days after each injection [21]. So, for individuals in the placebo group,
aged > 65 years old (n = 3763), the expected HZ cases is 3, based on the Kaiser Perma-
nente Study [9]. However, no HZ cases were observed in vaccine and placebo recipients.
During the observation period of the trial, a slight excess of Bell’s palsy occurred in the
vaccine group (3 participants; <0.1%) compared to the placebo group (1 participant; <0.1%),
arousing concerns that it may be more than a chance event—a possibility requiring close
monitoring [21]. HZ is one of the common viral infections associated with facial palsy. In a
large series of 1701 cases of Bell’s palsy, 116 individuals (6.8%) had HZ [22]. Moreover, a
proportion of patients with Bell’s palsy have Ramsay Hunt syndrome (zoster sine herpete),
a diagnosis based on either a fourfold rise in antibody to VZV or the presence of VZV DNA
in auricular skin, blood mononuclear cells, middle ear fluid, or saliva [23].

The incidence of HZ among individuals with HIV infection increases with decreasing
CD#4 cell counts, highlighting the importance of T-cell immunity in maintaining latency of
VZV [19,24].
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Post-vaccination HZ is rarely reported in the literature. Walter et al. [25] reported
three different cases of herpes virus reactivation following inactivated influenza, hepatitis
A, and rabies and Japanese encephalitis vaccines, while Bayas et al. [26] reported a case of
branchial plexus zoster after yellow fever vaccination. Rothova et al. [27] reported another
complication of varicella-zoster infection, namely acute retinal necrosis. In this case the
patient had a previous episode of VZV-associated acute retinal necrosis and presented a
new episode after vaccination with the 2009 HIN1 influenza vaccine.

Regarding COVID-19 vaccination, we could only retrieve a publication by Bostan
et al. [28], who reported a case of VZV reactivation in a 79-year-old patient 5 days following
vaccination and a more recent one with six immunocompromised patients with autoim-
mune inflammatory diseases who developed a first episode of HZ closely after vaccination
with the BNT162b2 mRNA vaccine [29].

Despite the rarity of publications, HZ is not a rare event. In the VAERS, when the
COVID-19 and the varicella vaccine were excluded, there were 1653 reports of HZ-related
complications from July 1990 to March 2021. The HZ-related adverse events reported
for the COVID-19 vaccines were 232 [30]. In the Yellow Card adverse reaction reporting
scheme of Medicines and Healthcare products Regulatory Agency of the United Kingdom
(MHRA), as of 21 March 2021, there were 331 reports of HZ after the Pfizer/BioNTech
vaccine and 297 after the Astra-Zeneca vaccine [31-33]. However, these reports could
possibly underestimate the incidence of HZ, because HZ is being underreported as an
adverse event following immunization for other infectious agents.

Reactivation of VZV is a failure of the T cell compartment to maintain control of the
infection. This is supposed to occur more frequently with increasing age due to adaptive
immunosenescence [34]. On the other hand, a vaccine strongly stimulates the immune
system and polarizes it to a vaccine-induced T cell response. In healthy adults, as Sahin
U et al. reported [35], vaccination with BNT162b2 induces a co-ordinated humoral and
cellular adaptive immunity. Seven days after the booster dose, a strong cellular response
with spike-specific CD8+ T cell and T helper type 1 (Th1) CD4+ T cells is expanding with
a high fraction of them producing interferon-y (IFNYy), a cytokine responsible for several
antiviral responses. The magnitude of S-specific CD4+T cell responses correlated positively
with S1-binding IgG and also with the strength of S-specific CD8+ T cell responses that also
correlated positively with S1-binding IgG. Moreover, the SARS-CoV-2 mRNA-1273 vaccine
elicited a strong CD4 cytokine response involving type 1 helper T cells among participants
older than 55 years old [36].

Vaccine-induced reactivation of HZ may have similarities with immune reconstitution
inflammatory syndrome (IRIS), which is a paradoxical worsening of preexisting infection
unmasked by the host’s regained capacity to mount an inflammatory response following
the initiation of ART [24]. We postulate that VZV-specific CD8+ cells are not, temporarily,
capable of controlling VZV after a massive shift of naive CD8+ cells to produce CD8+ cells
specific to control HIV or VZV.

AEFI may be coincidental events that have occurred by chance or the vaccine may
have increased the risk of the specific adverse event [6,37]. Standard algorithms have been
developed by WHO and CDC to conduct causality assessments of individual cases of AEFL
“Consistent with” a causal relationship means that the event occurred during the time window
defined for increased risk. Moreover, according to WHO modified criteria on the definitions
for causality, a “probable” association means a temporal relationship and the existence of
a biologic mechanism for causal association between the vaccine and the event [6,37,38].
HZ in this case series occurred during the time window defined for known increased risk
(1-21 days after the priming dose) [39], so the AEFI can be classified as “consistent with”,
and a “probable” causal association based on the World Health Organization Working Group
may be proposed, reflecting the existence of temporal association and a plausible biologic
mechanism [6,37-39].

Given that the decline in immune responses in the older population has been well
documented and the severity of viral and bacterial infections is increased among older
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individuals, vaccination serves as the main strategy for preventing such infections or
their severity by inducing efficient cellular and humoral responses. On the other hand,
immunosenescence is often responsible for failing to induce long-term protective immunity
after vaccination and offer limited duration of protection and so further studies are war-
ranted to improve understanding of the immunological mechanisms that govern durable
protection against SARS-CoV-2 and VZV. Even though the case fatality of HZ is extremely
low [9], HZ is frequently associated with disability, especially among older individuals,
and available treatment modifies only the severity and the duration of pain, decreases
viral shedding reducing the risk of transmission, and prevents post-herpetic neuralgia.
The recombinant zoster vaccine is recommended in immunocompetent adults aged more
than 50 years old as it provides greater protection against HZ than the live attenuated
vaccine; however, it is not widely available [40]. Clinicians may not be prepared to correlate
HZ with vaccination for COVID-19. The awareness of this clinical condition encourages
additional reporting and communication of HZ after vaccination. Moreover, these data
might be clinically useful for considering transient prophylaxis with valacyclovir prior to
vaccination for those patients at higher risk for reactivation of VZV following vaccination
for SARS-CoV-2.

5. Conclusions

Huge vaccination programs are ongoing. Post-marketing surveillance systems must
be in place and continuing assessment of vaccine safety is important for the detection of any
event that could attenuate the expected benefits, and thus to take any necessary action to
minimize risks to vaccinated individuals. HZ seems to be a “probable” although rare AEFI,
based on the criteria of temporal association with vaccination and a plausible biological
association. In view of the hundreds of millions of individuals to be vaccinated for SARS-
COV-2, a potential causal association may result in a large number of cases with potential
severe complications among the elderly. Fortunately, HZ is a treatable situation and clinical
review committees should decide whether VZV treatment is temporarily recommended
before initiation of vaccination. In addition, mRNA platform is a promising new technology
and demonstration of its safety is meaningful for the development of further vaccines
against viruses and tumors [41].

Author Contributions: Conceptualization, M.P., A.H.; methodology, M.P.,, N.M.; data curation, M.P,,
N.M.; writing—original draft preparation, M.P., M.S., A.H.; writing—review and editing, M.P., M.S.,
A.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Polack, EP; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Gonzalo Pérez, M.; Moreira, E.D.; Zerbini,
C.; et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. ]. Med. 2020, 383, 2603-2615. [CrossRef]

2. Garcia-Montero, C.; Fraile-Martinez, O.; Bravo, C.; Torres-Garranza, D.; Sanchez-Trujillo, L.; Gomez-Lahoz, A.M.; Guijarro, L.G.;
Garcia-Honduvilla, N.; Asunsolo, A.; Bujan, J.; et al. An Updated Review of SARS-CoV-2 Vaccines and the Importance of Effective
Vaccination Programs in Pandemic times. Vaccines 2021, 9, 433. [CrossRef] [PubMed]

3. WHO Coronavirus (COVID-19) Dashboard. Geneva: World Health Organization. 5 April 2021. Available online: https:
//covid19.who.int/ (accessed on 29 May 2021).

4. Pollard, AJ.; Bijker, EM. A guide to vaccinology: From basic principles to new developments. Nat. Rev. 2021, 21, 83-100.

5. Wise, J. Covid-19: Pfizer BioNTech vaccine reduced cases by 94% in Israel, shows peer reviewed study. BM]J 2021, 372, n567.
[CrossRef] [PubMed]

6.  Loughlin, AM.; Marchant, C.D.; Adams, W.; Barnett, E.; Baxter, R.; Black, S.; Casey, C.; Dekker, C.; Edwards, K.M.; Klein, J.;

et al. Causality assessment of adverse events reported to the Vaccine Adverse Event Reporting System (VAERS). Vaccine 2012, 30,
7253-7259. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa2034577
http://doi.org/10.3390/vaccines9050433
http://www.ncbi.nlm.nih.gov/pubmed/33925526
https://covid19.who.int/
https://covid19.who.int/
http://doi.org/10.1136/bmj.n567
http://www.ncbi.nlm.nih.gov/pubmed/33632676
http://doi.org/10.1016/j.vaccine.2012.09.074
http://www.ncbi.nlm.nih.gov/pubmed/23063829

Vaccines 2021, 9, 572 70f8

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Psichogiou, M.; Karabinis, A.; Pavlopoulou, I.D.; Basoulis, D.; Petsios, K.; Roussos, S.; Pratikaki, M.; Jahaj, E.; Protopapas, K.;
Leontis, K.; et al. Antibodies against SARS-CoV-2 among health care workers in a country with low burden of COVID-19. PLoS
ONE 2020, 15, €0243025. [CrossRef] [PubMed]

Schmader, K. Herpes zoster in older adults. Clin. Infect. Dis. 2001, 32, 1481. [PubMed]

Tseng, H.E,; Bruxvoort, K.; Ackerson, B.; Luo, Y.; Tanenbaum, H.; Tian, Y.; Zheng, C.; Cheung, B.; Patterson, B.].; Van Oorschot, D.;
et al. The Epidemiology of Herpes Zoster in Immunocompetent, Unvaccinated Adults >50 Years Old: Incidence, Complications,
Hospitalization, Mortality, and Recurrence. J. Infect. Dis. 2020, 222, 798-806. [CrossRef] [PubMed]

Kawai, K.; Yawn, B.P; Wollan, P; Harpaz, R. Increasing incidence of Herpes Zoster over a 60-year period from a population-based
study. Clin. Infect. Dis. 2016, 63, 221-226. [CrossRef]

Harpaz, R.; Leung, ].W. The epidemiology of Herpes Zoster in the United States during the era of Varicella and Herpes Zoster
Vaccines: Changing patterns among older Adults. Clin. Infect. Dis. 2019, 69, 341-344. [CrossRef]

Saati, A.; Al-Husayni, F; Malibari, A.A.; Bogari, A.A.; Alharbi, M. Herpes Zoster Co-Infection in an Immunocompetent Patient
With COVID-19. Cureus 2020, 12, €8998. [CrossRef]

Ferreira, A.C.A.F; Romao, T.T.; Macedo, Y.S.; Pupe, C.; Nascimento, O.J.M. COVID-19 and herpes zoster co-infection presenting
with trigeminal neuropathy. Eur. J. Neurol 2020, 27, 1748-1750. [CrossRef] [PubMed]

Tartari, F.; Spadotto, A.; Zengarini, C.; Zanoni, R.; Guglielmo, A.; Adorno, A.; Valzania, C.; Pileri, A. Herpes zoster in COVID-19-
positive patients. Int. ]. Dermatol. 2020, 59, 1028-1029. [CrossRef]

Elsaie, M.L.; Youssef, E.A.; Nada, H.A. Herpes zoster may be a marker for COVID-19 infection during pregnancy. Cutis 2020, 106,
318-320. [PubMed]

Georgoudis, G.; Watson, PJ.; Oldham, J.A. The development and validation of a Greek version of the short-form McGill Pain
Questionnaire. Eur. |. Pain. 2000, 4, 275-281. [CrossRef] [PubMed]

Gnann, J.W., Jr.; Whitley, R.J. Clinical Practice. Herpes Zoster. N. Engl. ]. Med. 2002, 347, 340. [CrossRef] [PubMed]

Yawn, B.P.; Wollan, P.C.; Kurland, M.].; St Sauver, J.L.; Saddier, P. Herpes Zoster recurrences more frequent than previously
reported. Mayo Clin. Proc. 2011, 86, 88-93. [CrossRef] [PubMed]

Veenstra, J.; Krol, A.; van Praag, R.M.; Frissen, P.H.; Schellekens, P.T.; Lange, ]. M.; Coutimo, R.A.; von der Meer, ].T. Herpes Zoster,
immunological deterioration and disease progression in HIV-1 infection. AIDS 1995, 9, 1153-1158. [CrossRef] [PubMed]
Voysey, M.; Costa Clemens, S.A.; Madhi, S.A.; Weckx, L.Y.; Folegatti, PM.; Aley, PXK.; Angus, B.; Baillie, V.L.; Barnabas, S.L.;
Bhorat, Q.E.; et al. Safety and Efficacy of the ChAdOx1 nCoV-19 Vaccine (AZD1222) against SARS-CoV-2: An interim analysis of
four randomized controlled trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99-111. [CrossRef]

Baden, L.R; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
Efficacy and Safety of the mRNA-1273, SARS-CoV-2 Vaccine. N. Engl. ]. Med. 2020. [CrossRef]

Peitersen, E. Bell’s palsy: The spontaneous course of 2,500 peripheral facial nerve palsies of different etiologies. Acta Otolaryngol.
Suppl. 2002, 549, 4-30. [CrossRef]

Sweeney, C.J.; Gilden, D.H. Ramsay Hunt Syndrome. J. Neurol. Neurosurg. Psychiatry 2001, 71, 149-154. [CrossRef] [PubMed]
Martinez, E.; Gatell, J.; Moran, Y.; Aznar, E.; Buira, E.; Guelar, A.; Mallolas, J.; Soriano, E. High incidence of herpes zoster in
patients with AIDS soon after therapy with protease inhibitors. Clin. Infect. Dis. 1998, 27, 1510. [CrossRef] [PubMed]

Walter, R.; Hartmann, K.; Fleisch, F; Reinhart, W.H.; Kuhn, M. Reactivation of herpesvirus infections after vaccinations? Lancet
1999, 353, 810. [CrossRef]

Bayas, ].M.; Gonzalez-Alvarez, R.; Guinovart, C. Herpes Zoster after Yellow Fever Vaccination. J. Travel. Med. 2007, 14, 65-66.
[CrossRef] [PubMed]

Rothova, A.; de Groot, ].D.E; Mudrikova, T. Reactivation of acute retinal necrosis after flu HIN1 vaccination. Br. . Ophtalmol.
2011, 95, 291-292. [CrossRef] [PubMed]

Bostan, E.; Yalici-Armagan, B.]. Herpes zoster following inactivated COVID-19 vaccine: A coexistence or coincidence? Cosmet.
Dermatol. 2021. [CrossRef] [PubMed]

Furer, V.; Zisman, D.; Kibari, A.; Rimar, D.; Paran, Y.; Elkayam, O. Herpes zoster following BNT162b2 mRNA Covid-19 vaccination
in patients with autoimmune inflammatory rheumatic diseases: A case series. Rheumatology 2021. [CrossRef] [PubMed]

VAERS Searches: United States Department of Health and Human Services (DHHS), Public Health Service (PHS), Centers
for Disease Control (CDC)/Food and Drug Administration (FDA), Vaccine Adverse Event Reporting System (VAERS) 1990—
3/26/2021, CDC WONDER On-line Database. Available online: http://wonder.cdc.gov/vaers.html (accessed on 4 April
2021).

Coronavirus Vaccine—Weekly Summary of Yellow Card Reporting. Updated 25 March 2021. Available online: https:
/ /www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-
of-yellow-card-reporting (accessed on 4 April 2021).

COVID-19 Vaccine AstraZeneca Analysis Print. Available online: https:/ /assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file /975786 /COVID-19_AstraZeneca_Vaccine_Analysis_Print.pdf (accessed on 4 April 2021).
COVID-19 mRNA Pfizer- BioNTech Vaccine Analysis Print. Available online: https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file /975808 /COVID-19_mRNA_Pfizer-BioNTech_Vaccine_
Analysis_Print.pdf (accessed on 4 April 2021).


http://doi.org/10.1371/journal.pone.0243025
http://www.ncbi.nlm.nih.gov/pubmed/33270691
http://www.ncbi.nlm.nih.gov/pubmed/11317250
http://doi.org/10.1093/infdis/jiz652
http://www.ncbi.nlm.nih.gov/pubmed/31830250
http://doi.org/10.1093/cid/ciw296
http://doi.org/10.1093/cid/ciy953
http://doi.org/10.7759/cureus.8998
http://doi.org/10.1111/ene.14361
http://www.ncbi.nlm.nih.gov/pubmed/32449248
http://doi.org/10.1111/ijd.15001
http://www.ncbi.nlm.nih.gov/pubmed/33471879
http://doi.org/10.1053/eujp.2000.0186
http://www.ncbi.nlm.nih.gov/pubmed/10985871
http://doi.org/10.1056/NEJMcp013211
http://www.ncbi.nlm.nih.gov/pubmed/12151472
http://doi.org/10.4065/mcp.2010.0618
http://www.ncbi.nlm.nih.gov/pubmed/21220354
http://doi.org/10.1097/00002030-199510000-00006
http://www.ncbi.nlm.nih.gov/pubmed/8519451
http://doi.org/10.1016/S0140-6736(20)32661-1
http://doi.org/10.1056/NENJMoa2035389
http://doi.org/10.1080/000164802760370736
http://doi.org/10.1136/jnnp.71.2.149
http://www.ncbi.nlm.nih.gov/pubmed/11459884
http://doi.org/10.1086/515019
http://www.ncbi.nlm.nih.gov/pubmed/9868668
http://doi.org/10.1016/S0140-6736(99)00623-6
http://doi.org/10.1111/j.1708-8305.2006.00098.x
http://www.ncbi.nlm.nih.gov/pubmed/17241257
http://doi.org/10.1136/bjo.2010.185983
http://www.ncbi.nlm.nih.gov/pubmed/20733030
http://doi.org/10.1111/jocd.14035
http://www.ncbi.nlm.nih.gov/pubmed/33638924
http://doi.org/10.1093/rheumatology/keab345
http://www.ncbi.nlm.nih.gov/pubmed/33848321
http://wonder.cdc.gov/vaers.html
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975786/COVID-19_AstraZeneca_Vaccine_Analysis_Print.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975786/COVID-19_AstraZeneca_Vaccine_Analysis_Print.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975808/COVID-19_mRNA_Pfizer-BioNTech_Vaccine_Analysis_Print.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975808/COVID-19_mRNA_Pfizer-BioNTech_Vaccine_Analysis_Print.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/975808/COVID-19_mRNA_Pfizer-BioNTech_Vaccine_Analysis_Print.pdf

Vaccines 2021, 9, 572 8of8

34.

35.

36.

37.

38.

39.

40.

41.

Crooke, S.N.; Ovsyannikova, I.G.; Poland, G.A.; Kennedy, R.B. Inmunosenescence and human vaccine immune responses.
Immun. Ageing 2019, 16, 25. [CrossRef] [PubMed]

Sahin, U.; Muik, A.; Vogler, I.; Derhovanessian, E.; Kranz, L.M.; Vormehr, M.; Quandyt, J.; Bidmon, N.; Ulges, A.; Baum, A.; et al.
BNT162b2 induces SARS-CoV-2 neutralizing antibodies and T cells in humans. medRxiv 2020. [CrossRef]

Anderson, E.J.; Rouphael, N.G.; Widge, A.T.; Jackson, L.A.; Roberts, P.C.; Makhene, M.; Chappell, ].D.; Denison, M.R.; Stevens,
L.J.; Pruijssers, A.J. Safety and Immunogenicity of SARS-CoV-2 mRNA-1273, Vaccine in older individuals. N. Engl. ]. Med. 2020,
383, 2427-2438. [CrossRef] [PubMed]

Halsey, N.A.; Edwards, K.M.; Dekker, C.L.; Klein, N.P; Baxter, R.; LaRussa, P.; Marchant, C.; Slade, B.; Vellozzi, C.; the Causality
Group of the Clinical Immunization Safety Assessment network. Algorithm to assess causality after individual adverse events
following immunizations. Vaccine 2012, 30, 5791-5798. [CrossRef] [PubMed]

Tozzi, A E.; Asturias, E.J.; Balakrishnan, M.R.; Halsey, N.A.; Law, B.; Zuber, PL.E. Assessment of causality of individual adverse
events following immunization (AEFI): A WHO tool for global use. Vaccine 2013, 31, 5041-5046. [CrossRef] [PubMed]
Shimabukuro, T. COVID-19 Vaccine Safety Update. In Proceedings of the Advisory Committee on Immunization Practices (ACIP)
Meeting, Atlanta, GA, USA, 27 January 2021.

Dooling, K.L.; Guo, A.; Patel, M.; Lee, G.M.; Moore, K.; Belongia, E.A.; Harpaz, R. Recommendations of the Advisory Committee
on Immunization Practices for Use of Herpes Zoster Vaccines. MMWR Morb. Mortal Wkly. Rep. 2018, 67, 103. [CrossRef] [PubMed]
Castells, M.C.; Phillips, E.J. Maintaining safety with SARS-CoV-2 Vaccines. N. Engl. J. Med. 2021, 384, 643-649. [CrossRef]


http://doi.org/10.1186/s12979-019-0164-9
http://www.ncbi.nlm.nih.gov/pubmed/31528180
http://doi.org/10.1101/2020.12.09.20245175
http://doi.org/10.1056/NEJMoa2028436
http://www.ncbi.nlm.nih.gov/pubmed/32991794
http://doi.org/10.1016/j.vaccine.2012.04.005
http://www.ncbi.nlm.nih.gov/pubmed/22507656
http://doi.org/10.1016/j.vaccine.2013.08.087
http://www.ncbi.nlm.nih.gov/pubmed/24021304
http://doi.org/10.15585/mmwr.mm6703a5
http://www.ncbi.nlm.nih.gov/pubmed/29370152
http://doi.org/10.1056/NEJMra2035343

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

